Actions of ionomycin, 4-BrA23187 and a novel electrogenic Ca2+ ionophore on mitochondria in intact cells.
We have used fluorescence digital imaging techniques to explore the actions of two groups of Ca(2+) ionophores: (i). ferutinin, an electrogenic naturally occurring ionophore, and (ii). the neutral ionophores 4-BrA23187 and ionomycin, on cytosolic [Ca(2+)] ([Ca(2+)](c)), mitochondrial [Ca(2+)] ([Ca(2+)](m)) and mitochondrial membrane potential (deltapsi(m)) in HepG2 cells and primary hippocampal neurones in culture. 4-BrA23187 and ionomycin promoted the equilibration of [Ca(2+)] gradients between cellular compartments, including ER, mitochondria and cytosol. Thus, [Ca(2+)](c) and [Ca(2+)](m) increased together and then recovered in parallel on removal of the ionophore. In contrast, following a rise in [Ca(2+)](c) in response to ferutinin, [Ca(2+)](m) remained elevated for prolonged periods after the recovery of [Ca(2+)](c) levels despite washout of the compound. Both groups of Ca(2+) ionophores caused some mitochondrial depolarisation, although this was highly variable in degree. Mitochondrial depolarisation induced by ionomycin and 4-BrA23187 was often modest, independent of cyclosporin A (CsA), was suppressed in the absence of extracellular Ca(2+) and was enhanced by pre-incubation of cells with the inhibitor of the mitochondrial Ca(2+)/2Na(+)-exchanger, CGP37157, suggesting that the change in potential reflects the prior state of mitochondrial calcium loading. The mitochondrial depolarisation induced by ferutinin was not influenced by CGP37157 but was completely blocked by CsA, suggesting that it reflects opening of the mitochondrial permeability transition pore (mPTP). We suggest that ferutinin may provide a very valuable tool to promote mitochondrial calcium overload experimentally and to promote calcium-dependent opening of the mPTP.